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ABSTRACT 
El') throc~ te:" or leukoc\le- treated "11t1 cilmtnoehloroherllene (0:\CHI prO\ ide a 'JX!rrfic 
bl tu~enic 'timulu "hen .. dde<i 10 1 npheral blnod leukocyte cultur lrom ,uh ct 
top~t•all ,eruiitl:zed "1th 0'\( B Sl!IJUCntial ~tud1 utih7ing cultur prepared from 
trnnn tured ll'ukun It ubta10ed dunn1 pr1 mal) rnntrlll ~ens1ttZUl111n ,hrmed that ,..p<·nllt· 
in \ 1 t rn lym phm·~ tt• l rumd nrmal inn WIIM l1n;t detected 7 111 '11 days nltl•r rn vt\'o a pplira 111111 nl 
1>'\C'B wh1ch rurr l.llt•d wllh tht• 1111 l'l ol allerpit· runtad dernwt11111 11 thl' prunnrv 
en ll1%lltir•n ... itt' !'J)eCifk h'lnphr~e\'l<• 1 rnn,fnrmalwn r •arh~-d a peak nt I to 21 da~ .. nnr Ill 
nt ubjcCL .. not ft chnllen~d \'lth I>~CH, a rapid dt•chne "'D' noted e rh '3to 4 \\CCk 
IOIJ0\\10J: nppliCOtiOn oft he primar'i en IIIZIO!! do,e. f(~ < hoJit•nge Ol fllll llh,)('d produc-ed n 
nn lmnt,llt b<><r. t Ill 10 VItro l\'mph111.\ll tran,turmrltnn \\'hil£> tht• t'\•tCI relation. h1p 
hutwt•t•n specilk 111 \itrn lymphot'\'lt• trun~>lormlllton 11nd rcll-mt•duill'rl nllcrgic cuntllC'l 
clt•rm IIIIis to 0'\C ' B n•mains unknm\11 the in VItro rcuc11on wa~> l!IH't'lhc for suhwrt 
en lliZt•d to 0'\('li md he.:- prm dt-d n method lm &tudying 1rnmUJil' reartl\-it~ during 
pnmut\ ammuniuttlon lind anamn tic challenge lll I>~CH w1thout altt.'nng hCl"t ,ell!-itl\' 11 • 
DinllrN·hlurohcnzenc (()~( HI "'u;.cd wtdtl\' 10 
man m n method of t'\'Uiuntmg cell nwduttt•n 
immulntv und in guim•lltllgH 1111 a model h\'Htl•ml'ur 
the tuch rol .. ensitJ7tl 1111 111 "mplt- rht 11 It' tl 
<.'Om pound Ill Aue ~pt 10 mduce lvmphoc\ te 
tran,formatJon ll:iLh fne U~CH haw heen g ncr-
all) un uc1 tul bee u:;e of 1n--nlubilit\, wxn·il\. 
and pn 1hlr the ab enn ''' u sunahlt l 1rner 
protl•rn 111 tlw Ill vitro syHI~·m Hnwe\·er <•t't't\' Hncl 
Bauml(nrtt•n I~J. u~inv dulltrol'lunmlH'IIIl'IH' 
tD'\F Bl "u" 1hle tu inchu·c pl• ilic lr 111 f rm 1 
tion in h·mJ,hocyte t'Uitur•• from l:Uinen VI n I· 
tized b the InJection of 1>:\ H \\'t> hmc rec nth· 
'ho\\n thul U.- 'B. coupl I .. m lt!Oll or a). 
logem 1t leuknn te~ 111 a ll\1!-10 ~oh t•nt \ tun. 
form~ II purt I( ulale. ~<loruhll• complex r J)\J( 'H· 
antl~tl'lll thut hns a low dt·vret- of In urt' .rnd 
mdurt'h l\'mpha -c~·1e 1 rnnsturrnat 1nn on I\ In 11 ukn-
cyte cuhur from ,UhJCCt n'itizt'd to 1>:\('H 
13 .; J. 
A "t rnt•nl ul contnt 1 tll.'llll\ltY ha!-1 tradition -
ally ln·t n llll'll!>llred b} L·pttlllllnt•uu~ applrrntwn nl 
the !Wilslt lll'r, n proc·cdltrf' whid1 may t'f'IN·t hm>t 
"e""'''"'' t\t•n at thf' time ol applit'llllllll L\m· 
phocytt• trnnstonnatlon Ill 1>'\f'B-antigt.'n 1 a 
... pecific 10 'ttro re:-pm t hnt t-an b me ured 
";thout It rin:: host n!llll\ 1ty. Our pre;; nt tud-
ie,. .. ho" 1hnt. in addu nn 1 • ll.•ukt!CYil t'r)lhro-
cyle ... trtlnlHI \\llh D:'l.t B pTII\Idl a 0\1( B •lll ll~l'n 
that inclut'l' lvmphor,tt• trnn11!ormatuH1 HJll't'r l'i -
Man rtJll n.'cehed Apul . ~~~ft i. r d lonn 
Jun 2b 1973, ccepted ~ r publrC".D' n J 29 Uli3 
• F rum thr l>unutoln,:) Br net :\at IHUII r. nter 
ln~IIIUI<, H~tht <Ia. ~1 .1n lnnd :./IIIli I 
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ralh 111 1}:\('B.,.cn,.rll7t'!l ubJects. "'cttut•nlial 
studw>~ usin!( lrnzen "ton•d lc·ukoc~tt•, hem that 
t h C' clt>~:r«.•t• ul lymphnt'Yil' translnrmntinn to 
DI\('H 1nliJtl'll ,.. ma\101 tl 'to 'i week tnlluwmg a 
_mJ;.ll ppllration of n Jlrl018t\ ~n.·'lliZ.IO • do~e ot 
D:\('B 'i\ithout ~uhst•ltU nt rech.alleng . •' rapid 
decren 10 l)'mphoC\ u• tran.,Jonnauon to near 
ba,;e hnt \ nlue, \\a. nh t•T\ l'd in lour t·n. itlt.ed 
suhjrct'l :1 In I weeks lnllnwlng the prunur~ ~<l'nlll 
ti:r.in~t tlu~(· Rechallen~tt• nl one of 1 ht•st• uhwrts 
prndnt ·d 111 dnamnc 1 u l11 t nl to ' 1 n h 11 phn 
cyte 1rnrn tormauon . 
MATERIAl ~ ll Mf:THOD.-. 
St n.,t/1'11111111 tu f)NCU 
'\ t·n~i t I IIIII( do:oe nt :.!111.1(1 11t: 1>'\('B 111 It , I ml uu•lnne 
"'t: 'IIJI!U'Ci IO the ,.krn ollh IIICdl&l a..~j)· fl ultht IIJIP<"f 
arm 111.11 han 11 .!·cm-dr rn pub et h) I elM' rmg. allu~~~oed to 
!'l'tlporot nd cmered h' nn d~1''f' h ntfnct' tor I 
"'~'l'k 141 lnformedcoru~nt lor ~rt.!ltrzaunn• nbunned 
lrorn 1111 r~o~trrlll' and H•IUili(C~ 
Suhjt•t r.v 
"'' 't:•·d pnllrnt . lint• ~:roup"' .. ubjet I& •·nn~IJIM nt 
three pl!lil'nt wilb muhrph hnsnl cell c1ucmomo• l'lu-
~oUJI " ruitued ebo\r 11 tch tt"'IM "'llh d•flt'~nl 
ronr ntr tlo~ of D:-o:l H. nnd t.nated dati\ v.1th 10p1cttl 
D"t'H lnr prolon;:l'Ci pcrrod 'I tam£• ' n 1rt nf nn 
immunnllwr.lfl\ prolot ol 
St•tl•lfllt'tf ('rJ/tlll(t•t•r., , /1 •l'I'IIOd j!roup uJ ilhJl't'l~ 
t·un~••ll•!l nl 1'\'Cil hl'nhh) ulull '"luntel'r- I\'" uhJ!'(l~ 
recel\cd N'l~ lllltnl: d <>I J)~('H on O.•lh arm 011 1he 
samt' da\, bm did not ~ l\ll ddmonaltop ~ I IJ:\l'H 
CTabl \I and rr:: 3! :s rutttzaunn m lhii group "1l' 
dtli'rm(n d b) 8 'fiOtltAill'fiU• Oan! of d!!rmOIII \\llhtn 
th ~"" tiiJIIIIun ~ile "h11 h <tt'l ui'T\.'d dunn~t tht f<>nd 
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week lullo\\illll 't'nsitization J7J. Fi"e subJl"l't' reu•ived a 
sensiltl.inll doM• of 2000 ~~~ and ~imullanetJUMiy 11 1\0 llg 
dose npplit'd ann similar mnnnor (Fig. 2). SenKII i7Rtinn 111 
LhiR ((roup wa' determinrd bv ~pontancnu' llarto- of 
dermattttll \\lllun the 2000-14! sen-... ttl7..ation .,ue and 50-J~;: 
sitt> which nccurred dunng the second v.erk tolln"' ing 
application (7 ), 
"fn<cn.~itkr:" -~Ub)Ctt~ . fhi~ J:I'OUp consisted o( 25 
healthy hi(ICI<l donon; with no hi11rory ol upnsun• to 
DNCH. 
Obtalniflll Mononuclear l.wknr:>·tt' far Culturt• and tuJ a 
Source for DSCB-flntigl'n 
Peripheral leukocyte'"' re obtained by a centrilugotion 
technique which yields 12~~2 pcn-ent l~·mphocytcs and i." 
descrlh<'d m detail elsev.ht·n· 181. Briefly, hquuinut'd 
venouA bltH>cl was centrifuged nt approximately :100 R fur 5 
min. Tht• rc"ulting leukocylt•rit·h plasma wn!l rcmnved 
with a Pn tt·ur p1pelle nnd ut 1li1t'd in the prepar&lll•n ol 
leukocyte culture>', stored fmll'n for later US4l, cor u!led for 
the preparation of 0:-\CB-antigen l~e below). 
Froz.en -•ttm•d lrukoc.\tf'· 
L<>ukoryll•· r1ch plasma wna Htnrrd rrozrn by n mvdlfi· 
catiun nf tcdmictues dt·~rriiJt•d by Chess et nl I!JJ. Our 
methocl etnpluy" mixing nl rrH>nt temperulur~ 2 ·, rnl or 
leulux:ytt•·rich plasma with ;.!,6 ml medium 111.1 ronllun-
inl! 20 pt>fi'C·nt 0~1SO dimethyl o;uUoxid~·. Aldrich 
Cheminsl Go. l by ~otume, 70 U/ml penit"illin ancl ill 
l'gfml 'ltrtptomycin in 11 lll·ct· -crew-capped ('flnu·al 
centrtiUJtt! tuhr (A H. Tho1nn~. Cat. no. 299:\.JI:!!i). The 
tubes nrl' thrn placed in a lrl'll~t•r nl 70" C. ' l'hnwinJ( is 
accompli~ht•d hy immrrs1nn oftlw tubes 111 o :llio ('water 
bath lor ,$ mm after which b r(' ol medium 19!1 nrt• added 
to and mixed with the leuk~te-0\ISO millure. The 
tube is tht·n c·entrifuged at 150 g for & min. :he 6Upcrnate 
decanted. and the pellet ol rcll resuspended m 20"" 
beparin111od human pla~tn~ mndl' crll free h~ •llrct•5llin• 
pas.~ngc throu11h two MilliptJrl' liltrrs (pOre sitt• 0. Hi Ill 
and dilutt'tl 1 • With medium 199 (this plosmu rnt'dtum 
199 will 1M' referred to o• cell lrrc culture tlu1d 1 !'he 
leukocyte au~pi'nliiOD tto count~d 1n a hemocytoruetN and 
appropriately diluted with ndduional cell·frt't' culturt> 
fluid 
PreparatitJn of DNCB-antiR('n 
4 6 mlol mononuclear ltiukocytl.'· rich plo11mll nht111ned 
by cenlril'ull(ntion as outlined ohove. are placed in 11 LO-cc 
conical tube und centrilutt~'<l nt 150 g for 6 mm l"h~ 
plasma i thton decanted , thC' rcmainin~ cell pellet i• 
suspendt!d in medium 199 ~ith n Pa"leur p1pe1te, and 
centrilu~:cd ot 1r.o 11 for 6 min Th~ 'upernate i~ drt•nntt-d 
and the pdll.'t AUI'pended m 0\1SO (dimethyl ~ulfUJude, 
Aldrich Clwrnicnl Co.) con1111ning 1 gm', IJN('JI (1. 
chloro-2,·1·dlnilrohenzene, fo~oslrnnn Kodak ('o l. .\ltt•r l 
hr incuhution ,,, :\8" C the tubt· ~~ centnfuJ(cd at 1&01( for 
6 min .. thL• DNCB-D:.\1SO UJI\!J'Mte decanted. »ntl the 
cell pcllrt v.nshed ";th thrt't' 10--c-c uliquots of me<hum 
199, eath utili1.ing a 6-min rentnful(ation at 160g. ~nu: 
pellet" """"' Wthhed once with UMSO folln"i!O lw two 
w~U>hes with medium 199. Tht· l'rll pellets resultm~e lmm 
this prut·odurt> nre referred tu llh DNCB-anlll(t•n Wlwn 
DNCB-unlil(en ill used m th1~ wt•t lorm, the amount to he 
added to leukocyte cultures ill qullnlitated by cuunting 
the oumiX'r of int.act leukoc.·ytes m a hemoc)tumt·ter. 
When the [):'\CB-antis!en wa &to~ in a l)nphilized 
form , the amount to be added tu leukocyte rulturc Wth 
determmNI gra\·imeuicallr. Fur lyophilization, D:'liCB-
anti~t·n \\11~ suspended tn .u~nlt water 111 n j:).Hii \'ial, 
fro~t·n 111 ethanol-dry icc, nnd placed overnil(hlun 11 Virtis 
lyophili~l'r. The resultant powder was storrd 111 l he dark 
at ·I C. D"il'B-nntigen \\M Jlrl'pared from two pnuent.s 
~1th ('bronte lymphuc) lit leukemia (penphcral wbc 
counts of '250,000 and iiOO,OOOJmm•l by K!dinH·ntiog 
hepruinluod ,·enous blood ot • C lor 30 min and 1 renting 
thl· leukon·te·rich phtllma 1n the ~e manner IlK the 
mononurlrnr-rich pla»mn nht a1ned by cl'ntrthlJCOIIOn. 
When t•ryt hmcytes were usN I ttl prepare DNCB antigen. 
heporlnit.t'd venous blrHx!lrum 11 type 0 pMHtH• DNCB-
m~en•itt\l• donor wa.~ centriiU~tt·d at approximatf'l\ JOO I! 
(or 5 min, Th• leukOC)·te·nch plasma was rclno\t.od with a 
Po teur pipet tc and discardl'd , and the bottom half ol the 
packed N)1hrocytl!$ was rcmo\t'd and wa.•hed w1th three 
alictuols <II medium 199, each utili1.ing a 6 min ct'ntnfu-
gatinn nt llitl II· The r~~ultitlll pl'llet WB!> lrenl!•d in the 
sonw mnnnl'r a~ when lt'ukot·~·tes were ust'd In prepare 
D~<'B -nntill(en and the linul product wa. . alwnytl utilized 
in the lynphili7ed st8lf'. 
Prt>poro/l()n of Lrukocyt•' Cultur,'~ 
" l\lnnnnudear leuk!X·ytc etth ure fluid" was prrpart'd 
by dilutllll{ I hr mononurlt•nr lt'ukocyte-rich Jlln~mn ob-
tained by centrifugation with lnur parts (If ti1111ur culture 
medium I!J'J or RPMI Jfi.IU (Grond Island B1olo111Cal. 
i'lS7GI l-c.>nlniniog JM>ntctllin and streptomyt'll1 . Thil'> 
method vidds a fmal ~'Onctntration of 0.4 ~2 • 10' cdls 
per rnl , nf "hich 72-92 per«'nt nrc lrmphoc)tt;s I ). 
.-\dditt•m 4 D.VCB-anltRrn 
f.~ it hl'r wet or lyophilizt•d DNCB-antii(Nt wuR Kus-
tx•ndcd in cell-free cultur~· llu1d 120 perr!'nt J1lnsmn in 
medium 1991 and addt'<ltn un t•qual ,·olumc ol mononu-
clear lt•ukocyte culture nuid. l..cukocyte cultures withoul 
DSCH·nntigen "ere prepal't'<l by diluting mononuclear 
leukocyte ('ulture fluid "mh nn equal voluml' of cell-tree 
cultur.· tltnd to maintllin tht· ..arne number utlt•ukoc~1e<' 
in cuntrul cultures and J)JI;('H ontigen-stunulntcd cul-
ture~ Ht•plicnte culturet. with Hnd without l>~C:B-anti­
gen wrrt: .al~o sLimulnted \\ l!h phytohemngglu• in in 
TABLE I 
The abil1ty of {roun-~torcd /ruhont£> ton~ pond lu tht' 
m1/aNrn, PHA, and thl' anti11en, tetanu., to.toid 
Sourc-cut 
leukor~ t 1 l'n.-tim-
ulatfll 
cnntrol 
fre"h 229 ± 83 
1 wk frmC'n 228 ,j_ 62 
I mo frt>lt'n 202 
2 molrozen 3U ± 171 
4 mofmll•U 
6 mofrozen 
D!'IA synthr.is in Cf'M' 
r elAIIU51 I'UA' 
1 yr lrnzrn 171 + 38 ~? 0'\'9 
• C'mwt·nl rttt1on of leuk<trytt!ll constnnt ot 1.11 x 10• per 
ml of ('tilt urt· 
Mean I S E.M. l ot duplltote or tnpllc:at~· ruhurt'~ 
assayed 111 68 hr. 
1 Concl.'nlrotiun of tetanus toxuid 2 ul po;·r ml ot t'ulture 
{lot nu. 2HM2'2 Eli Lillr ttnd Co.). 
• Concentration ol PHA 2.fi lllll'ml ol cultur~•. 
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(PHAI tBurroullhS Wellcome, E :!16Al at a final conren 
tration ol 2.0 2.5 11g!ml of cultures. When the 0!\CB 
antigen was cultured ulone, wll h und without PHA. it 
"-BS diluted 1n cell-free culture tluid ~o that the com·en 
trauon was the same as m 0\JCH-antigen-~llmulated 
culture» contaming mononuclear leukocyte culture Jlu1d. 
The above \\.ere cultured in 0.5 ml volum~ at ;18" C with 
room air as the gas phase in 12 ~ :~.'i mm >'crew-capped 
vials (A. H. Thomas). 
Eualuatwn of Cultures 
fritiated thymidine mcorporation during 01\A syn · 
thesis wa~ mea~ured between the 40th and S6th huur in 
PHA -!>timulated culture:. and hetw~n the 68th nnd 
132nd hour 10 cultures without PHA. In each experiment, 
duplicate ur triplicate cultures were assayed at the ~arne 
time and the results expre~~ed as the mean cpm ( ~.1..:.1 
of replicate cultures. The at~-~ay !ly!-tem Uben a :! hr 
incuhauon w1th thymidine-methyl ' H and a Milhpnr~.• 
filter collection techmque that ha, been de~cnhed el~e ­
where (10. llj. Morphologic conlirmati•>n of bla:.togenesis 
was obtamed by light microM"opy ol Giemsa-stamed 
smears ul replicate culture:; 
RESULT::> 
BlastoRenlt" Capabrlrt_v of Frozen-Stored 
LeukoC\·te~o 
Table l shows the results of a L-\'r experiment 10 
which leukocyte cultures from a single blood draw-
ing were stimulated with PHA and tetanus toxoid; 
additional leukocytes from I he same blood drawing 
were stored frozen, thawed at varying in ten als, 
and stimulated in cultures Similarly. High degrees 
of lymphocyte transformation to both PHA and 
tetanus toxo1d were seen in leukocyte cultures 
prepared with fresh leukocytes and leukocytes 
stored frozen for as long as 12 months. 
DNA synthesis, as measured by 3HTdR incorpo-
ration, showed a range of 200-600 cpm in un-
stimulated control cultures. 6,600-66.000 in teta-
nus toxmd-!.lt mulated culture-... and 41.000 17'\.000 
in PHA stimulated culture,. Heparinized plasma 
from the origtnal blood drawtng was u;.ed 111 pre-
paring both fresh and froze tHilored leukocytes 
(stored at l" C in medium 199). 
DNCB-AntrRen Prepared from LPukoc:. te.~ 
lncubatwn ·oncentratwn~ of DNCB. A wide 
range ol concentrations of D:--ICB can be used for 
the preparation of DNCB-antigen. Concentrations 
of 1 percent DNCB in DMSO yield a DNCB-a nti-
gen as good or bett~r than either lO percent or .OJ 
percent (Table U). Additional experiments have 
shown that concentrations as low as .001 percent 
D. CB 10 IJMSO can be used in ·he preparation of 
DNCB-antigen. Because DNCB-antigen prepared 
by increasing the incubation of leukocytes in 
DNCB DMSO from 20-180 rnin produced no 
greater antigenicity, 60 mm was selected as the 
incubation ttme in all e:ocpcrtments. In this and 
other experiments. leukocytes incubated for I hr at 
38° C m DMSO with or without 0::-.ICB failed t o 
respond to PHA when cultured alone. 
TABU·: II 
LymphoC)ll' transformatwn to lJNCB-anll}lt'/1 pn•parrd 
from autolu~ous leukul".\"/1',, IIII"Ubated with l 'llr\ "'~ 






6-d.\\ •·uh ure "·dd~ l"llhllrt' 
---+--
572 ;t l!l 
6,i7'.! '*" 1.15·1 
2,6-i-1 ' l.:l96 
:37,120 lfi,H95 
:H,;;:lo 5.!W! 
5-da~ cult ur~ 
1.66:? .r 21!1 
l!J.229 t 9.65:i 
29.:103 '-t 1.8:~7 
lncubatiun ol ONCH 10 D\180 with leuk<x:~·tes 
constant Ill I hr at .l8- C; l'llnrentration of 0:\CB-anti-
gen m experament A was 51lO,lliKiand in experiment B was 
20.000 I>'ICH treated autnlnJ!nU~ leukocyte.' per ml ot 
culture; ru ltun'"' contammg nnly D:'\CB-antigt•n in ex-
periment A. when stimulotl·d "'ith PHA, ga\"(' lc~~ than 
8.5 cpm 
1 !\lean t S E.J of •HTdH inwrporation in l"pm tor 
replicate l"Uiture~ 
'Com·entrntion ot leukoc:'·te~ I to• per ml nll'ulture. 
• Com·entratiun of leuk<IC) tell 0.6.:; x II)• per ml nf 
culture. 
Washing procedure,\. Following a 1-hr incuba-
tion in I percent DNCB in DMSO. the leukocytes 
were washed three time~ wtth medium 199 The 
substitution ol a DMSO wash in place of one of the 
aqueous washes did not ~igmficantly alter the 
degree of ' HTdR uptake 10duced by the resultant 
DNCB-anligen. 
Preparation of DNCH-anltl(en with allul(eneic 
leukocyte.~. D CB-ant1gen prepared from al -
logeneic ne~rmal and leukemic leukoc~tel> induced 
lymphocyte transforms! ton 10 leukocyte ('Ult ures 
from 0:\CB-;.ensitive subjects (Table lUI hut not 
from insens1t1ve subjects (vide 1nfra). Allogeneic 
leukocytes incubated in DMSO for 1 hr at :JR° C 
without DNCB ("OMSO-cuntrol") did not induce 
detectable lymphocyte transformation (Table Ill. 
allogeneic antigens 1 and 21 
Concentration of Df.."CR-anttgen. D~CB-anti­
gen prepared from leukocvtes induces lymphocyte 
transformation over a wtde range of concentra-
tions. No response was detected at .01(1 /Jg ol 
lyophilized DNCB-antigen However, increasing 
concentrattons from .06:J f.trdml to 1 pg/ml induced 
increasing 1 HTdR incorporation from 19.000 to 
67,000 cpm wtth unsumulated controls t~l 4,000 
cpm !Table IV, experiment :n In another experi-
ment a similar increase in 1HTdR incorporation 
was observed when the concentration of DNCB 
antigen was increased from 1 1-1g/ml to 25 pg/ml 
(Table IV, experiment 21 In an analogous experi-
ment uulizmg fresh " wl't D='<CB-antigen, 1 11TdR 
incorporation increased from 11.000 to 29,000 cpm 
when th<:> concentrations of DNCB-antigen were 
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increased frum 2000 ecll~>~ml to 50.000 Cl·fl,., mi. a 
decrcaf\t> in 1HTdR inrorporation wa11 not!'d at 
250,000 C('lls/ml (Table IV. experiment 1) 
Spf·ci(icit.\ of lymphontr transformation to 
D.VCR-antigen. Leukocyte cultures rrom o;uhject" 
not >'f'nsit ized to D~C B tailed to respond to 
DNCB·antigen prepared from either allngenck 
nor mol or leukemic leukO<'ytes. Result ' U!ilnl( 
DNCB-onti~ens prepared from leukocytl·~ of 5 
allogcnl'ic !iubjects and oddcd tu leukocyte cultures 
of fl nonst•nsitized subject .. ~ho\\' ~timulatiun rutios 
rangin~ lmm 0.12- 1.2 (Table \", column 7l. The 
lack ofrcspon~e to D:\CB-antigen by the.~e "insen-
TABI.fo; Ill 
llntiN•'tt.~ pr.>pared frtJm all,gt>neic leulmcy t••• 
''Allo D:SA •yntht "tn cpm' 
genrtc" Ston:,iuw Ston.ata.c leukocytn 
anlit;<'n ' lru.k~"t~· ll:-oC B..antb:en 
1 8-12 r 118' 11.29() t I 17 
2 8•12 ± 118' 1:1,715 i 1,5:11 u; 
:I Ill:.!±. 118 11,9.1:! ot 3, I 48 tl 
4 2,602 :t 89l:l 3i,28tl ot; :1,108 14 
5' 1.68..~ = 26& 10, 7 .:o 3.%0 24 
l,Oii9 ~ :?.;.1 27.•)1;6 ., 12 25 
--~ ·-'-' 
• Cum l'ntruuun con~>l llnt tur rnl"h expenmcnt I rung~ 
25 ·50 Pll of lyophilized nnt i~ten f'ur ml of culture). 
· Menn I · S.KM.l ol duphl"utt• culture~< •~ nyed on 
the .tth nr f•lh da} 
• Conu•ntrnllon con.~tant ror each experiment (range 
0.5-1.0 1> 10" per ml of rulturel . 
· Stimulat111n ratio • lrukcx-\11.'5 + anugen h:pml/ 
leukocy1 c• tc·pm I 
• Addit~nn of " DMSO t•ontml " tnllogeneir lt•ukuryll·~ 
incubotccl In I>MSO with••ut D~CHI gave 6.')11 .111n rpm 
lstlmulotion r.nto 0. '!. 
•"O~l:-.0 C'ontrol" e&\C 004 .L oli4 q~m I timulauon 
ratio 1.11. 
- Allv~l·neu 0'\CB-anttt:tn number 5 " ~~ wcpau·d 
from chrunk lymphocytic lt•ukc•nuu lcukocytc11. 
stti\·c" leukm·ytes wa~o spct•ifit ~mce, in tlw pres-
ence ut DNCB-anlti{Cn , PI!A induced gund re-
sp!)nses vurymg from UO,OOO 220,000 qlm. The 
D:\C'H.antigens used in the~e five elCpCrtments 
were nrt ive a,. e\'idenced hy their ,imultunt'OUS 
ability to timulate lcukoc~1e cultures lrom sub-
jects ensitin•d to D:O.:CB with stimulation ratios 
rangmg frum -1.8-l:i (I uhk \, column I) 
Primnt;. immune respml.~l·. The degrt•e of lym-
phorytv trunsformatiunlu D:'lll'B-antt~ten t!\ shown 
10 leukocyte<> obtained from d subjet·t bclore and 
after in .. ivo c:haUeng.: v.ith DXCB (Table \'1) . 
Leukocy t were obtained on day 0 and a ·cnaith:· 
ing dot-e ol n:-.;cs subSN!IWOlly applied . IA:uko-
cytel-1 \\'l'TI' Ill{& in obtainl•d from this suhjert ur1 days 
7. 1·1. 21, and 29 after tlw ~>ensitiz.ing nppliclltiun ol 
DNCH. All leukOC)'IC!i \\'I'TC: stored frozl'n and 
cull urL'S lrnm each ot these day::, were prepared ai. 
one time lx>th \\;th and \\ilhout D~CB·nntigen. 
D::\'A ynthesis, as mensurt'd by HTdH incorpora-
tion. \\'a- mt'asured fuur days later Lcukot·vte~:; 
obtaint'd un days 0. 7, nnd 1•1 faded tn rl'ISJllllld to 
DNCH nntigen. The innbility lo respnud wns spe-
cific ror D'\:CB-antigen sinn• the addition nl teta-
nus toxoid to replica II• cult ure:o resulted in 
48,000· i3,000 cpm. D~CB·nntigen induci.'d lym-
phocytt> tran. formation in lt•ukocyte cultures from 
day~ 21 and 29 with the highest rt' punt"~ in 
culturen lr<>m day 21 . 
DNG/i-AIItlgcn Prepan•d from Er;ythroc) tc' 
Concrntration of VSCIJ-anti~en prepared from 
erythrocytf!s, ~tudies cmployin~ methoo ann]o. 
gous to thnse used m prt•paring D~C'B.anttgen 
from leukol'ytes wert> performed U!itnl( Wll!:ihed 
humlln pt'ripheral blood Nylhrucytes lncrl•using 
com·entrallons of D:'llt'H .11\ltgen preparl'cl from 
allogcneir erythroc~ l{'' mduccd increa$ing 1HTdR 
incorporation in leukoc}1t• rultures from a D:\CB· 
~en itiw ubject (Fig. 11. but not in in~nsith·e 
subJL•rts (\'ide intra). l.yrnplmcyte tTan!\lnrmnt ion 
occurr!.'d m·er a broad rnn1.t<' of concentrnl iun with 
TABLE 1\' 
l.ymphoc)tl' tronjformotion at tary•ing conr~ntrotion.< oj U.VCU-oratigm prcpoN'd from leuhoC"'Iti'~ 
·-...-- -~-
Exp 1 concentration of l>:\<'H· 0 tl'1!ated 2 .00tl 10,000 50,000 2.'i0,000 
nntt!ll'n cell" per ml 
DNA "ynlhesis in cpm 1,()62 :.i 110 I l, ilUI) I 64;3 1:.!,211·1 .1.:~ 2u.:ma .t 1,8:li 18,:.!23 .l I, l:l5 
Exp 2 · t:nnrrntralion of f)'i[('H :- o11wml 1 li .25 
IIIIIIJ:en 
1>:'\,\ 8\'nthl!"il! in cpm 1,6."1!i i 2~ 2.5, 152 = 4.116 40,978 1. 3,980 ~.Si5 ~ l.f;(5 
Exp3 <'Onct-ntration of D:SCH· o,.wml .016 .063 .25 I 
anti~:en 





• DNC' H.unttt:en in expcrirnt•nt I prepared lrmnnutnlogous lcuk<~l'Ylrllnnd utili1cd 11111 roncentratinn ofii· :.!JiO,II{Kl 
DNCH D!\ISU-treated leukocytes pl'r ml of culture: D='CB-antigt·n m t.>xperimcnt 2 nnd 3 prep~trcd from chronk 
lymphocvtte leukemia leuk<IC\Ie and utilized l)uphilill'Ci 81 0 ·25 111: per ml of rulturc. 
• Mean I !i.E.) •HTdR lncorJJQration of duphctttc culture• n S8)'d on the Sth (experiments 1 and 21 or hlh 
(expt'cim,·nt :!) da~: the com c·ntrotion or ~en•it i\'c 1•1ukoc) te" wat< c•mstnnt in each expcmmrnt han,_e 0.5 1.11 x lO' per 
ml ol culturrl. 
L\\IPHOCYTE TRAMiFORMATIO~ TO OSCB 265 
TABLE\ 
.'iprct{tdt.' uf lvmphut·yte tran.•iormotirm to DNCIJ-onti~t'll prepared fmm lt·ukoc,\tes 
---- J Sltmuhmon o:-:.\ •\nlhl"'i•m cpm' 0!'\A 'ynth!'<'" in rt•m Sen,JiiH• IMtm:tin• Slimulatiun !"x'O...,Ill\ t~ r .. rio INI;Nllht' I'll flO 
l~ui<~·tN'1 leoukncytes IMikOC\'If>' I~UKUC\1 ..... .. 
• 0:'\C'B-anllJ:!'n' ll:\I'B .intiun• 
::.:?6 :!() 6, 1:?;!,., a 1:! Hi:! :r. :!6.') 90~ 'Zc "" 0.!.1 :1 
:!'iO,. :!H :!,417 .t 95 I:! &1:1 ;1, 511 I,U;i:l t 6U'i 1.:! 
:lii9 ± 9i t,n; "" 6ti:l 4.8 HH I "':1:12 107 I lJ n. t:! 
:.!51 3i t,;,llc:ol!lil 6.0 ·190 :l :t!)-1 r,,,, :. 161 I. I 
5 :1 Olli\ • 'IIU li, 12 ~ i,5711 .'i.9 ti,&IH :t: !1-l.t l ,iU';' .., 147 O.iU 
-
- - -
' Mean I .t S.K 1 HTdR inruq, .. ration ol duplicntt• ur triplicate t·ultun-<: n.-.~ayed nn thl• lth or 5th da~. 
' The l'Oilt'entrntlOn ol leuku..·~tt:~ was conshlnl lur each expertmt•nt lrnnge 0 .. 1 I 'I 10• per ml ol culture! 
' 0:-il'H nnttgen was prt•pnn•cl lrum chronit lymphocyttt· leukemu1 lt•uknt•ytes 111 expenment 1 and frllln normal 
periphernl leukocyte~ in expl'Timt•nt~ 2. :t I. anti u: the cunt·entrulwn ul DNC'B untilll'l1 waR cunntunt 111 each 
expenment 
• PHA added to replicate culture, or in~>en~iti\1.' leukocytt-,. lin tnt• pre:.enn· ul L>'-.CB-anti!:cnl induced 
90.oru ·220,000 Cl'!\1 on the third day ol cuhun:· demonstrating that these culture. 'pecifically failed to Mipond to 
D~CB-.1nt igl'll. 
::iwnulntinn ratio • leuknf~ II'• 1 .);o..CH-nnll)len t~pm t/leuk!X·) tl'S lq>ml. 
TABLE \'1 
LymphoC)tc• tron.<{ormation to 1>.\'CB·anticen prrpnred 
{ram l.t•uk~·u., dunn,:: pnmal) ~rrt.•ctization 111 [}.\'CR 
Timeallcr S11mu 
primary l.eukrKytes • '"''"" challen~c·' l.t•ookcx·ytr• llNC'B·CIRIIgen' ' rntin 
Day II lili6 ,., 6() il'i e. 211 1.11 
Day'i ~77 ~ lil 1.15.'; .:. .!77 1.~\ 
Day 11 1,:?23 :.: :~t l,ll5i i ] lb 1.:'1 
Dav :!1 :\.J:! " 20R IH.ii!l .t 2.36U r,;,.u 
Dayl!!l l.li II j. 280 !l,O:JO I t,ta:~ lUi 
• Leukocytt•s t·nllected II, 7, 1·1, :!I. and 29 days niter 
orimal) t•n&ll ization, -.tored lrozt•n. and utili7Cd at a 
concentratir>n ol I 0 o• per mini culture. 
1 !\tean qun I S Jo. J ul •HTdR incorporation lor 
tnpltcate cuhurb measure.! nn thr I• h das ol culture 
DNCB-nnt i!(rn preparNI I rum allogeneic ll'ukt•mic 
lympnun teK 1111d utili2ed at n cnnccntration ol :.!li IJK per 
ml of cult urc· 
• Tetonu tuxmd added to repht'l.ll~ culturt-, ut da\·, u. 
'i. and II induced a mean ol 67,UOIJ cpm. demunstratinl;! 
that tht'!-l' culture~ spedficalh· Jailed to re~~pond to 
DC:-.B-ont•gen 
' Slimulnlinn rolio lcukncyteb + DNCII·untt~:en 
(cpm 1/lcukm·yte~ (cpm) 
o,·er 4500 ~:pm at both 'lS and 12.'> p.g D~CB-anti­
gen per ml of culture with unstimulated control 
valu~ of 1.'>7 :n. Siltntlicunt degrees ol ' HTdR 
incorpornt 10n were seen nt concentration:. ol 5 
~o~g/ml 12700 cpm) and I 11g/ml ( 1:300 cpm). 
Spect/ittl\ of DNCB-anttpen prepared from 
erythrocytt·~ Leukocyte cultureb I rom subjctt" not 
sensitized to D:-o:CB failed to respond to D~CB­
antigen prt~pilred from all<,geneic erythrocytes. 




0 5 25 125 
,U9/ml2 
F1r. 1: Lymphocyte tran~lormattoo at \ar)inK cun· 
centratioru; of Q:--;CB-antiiCCn prepared from er\'lhro-
cytc::. 
1 Mean ( · S.E.) 'HTdR incorporation of duplicate 
cullurcR containing 0.5 l()'l<'ukocytes per ml uf culture 
assayed on the 5th day 
'Lyophilized D:-.1CB·8niiJil'n prepared from cr,vthro· 
cytes and I JX!rceot ONCB in 0'\180 
jects and 17 nonsenslllzed subjects are l->Umma-
rized tn Table VII. Leukocyte cultures prepared 
from 22 blood drawings from these 17 UNCB-
insenstltve ~;objects failed to respond signihcantly 
to D"\j('8-antigen with an average c;timulauon 
ratto ul 1 I (range .21- 1.2, Table Vll. column 'il. 
The highest responder (subject 2. experiment 2. 
ratio 2.2) was. on repeat 'lUdy, one ot the lower 
266 TtiE JOURSAL nt' 1:"\'ESTJ(;ATIH: (lERMATOl.OG'\' 
'I'ABLE \'II 
Spl!cificity uf l_vmplwcyte tranllformatitm to D,VC'II·rm/r~··n prepar .. cl fmm •·rytlrrocy/p,, 
DSA~yn1h 
- -- ~!Jmulallnn E.sp SemtiiH• ~-n~lll\1' ratao lmmsith·e-
tt·u.kt ... ,.,ft;$. lwkocytn • if'Uio.ocy"tl.'!'l USCR-antq:rn' 
408 ± 14 :!0,044 .:t. I,IH ·1 49 288 t: ,'jJ 28:l t; 39 U.llt! 
181 :i: :l(j :?:1,.136 1.1. !1,/Uil'\ 129 117 :i: 82 r.o:t .c 241 1, 1 
:l 2,40S ± 1, 191 :J.1.211 :!:: 1,!~5 u 3i:! t 68 asr; :1.72 o.oo 
6.')5 ~ 136 1,414 ,j, II 2.2 
655 t: 165 -t: 16S 0.85 
4 ,87:! ± 1.4 ;; I,OIG :1::605 0.21 
:1 1.79';' :!:: 4!!9 1 ,1557 .:. l,i15 10 4,541 ± 1,675 &,7t17 ± 1,831 1.3 
:l,UN :1:: 1,:31!!1 ;1,!11'1!1 :1. 1.306 l.:l 
•I 788 :1. 21l1 :i,612 .:t. 711 u; H7H t: !8 7:11; t: 131 U.HI 
1.1~9. 173 718 t: 46 (l.ll:.! 
6 4,39:?.:. tlt11 19.«2 ""752 4.4 l,tiGO:!:: 96 3,H:.'9 U' 
1.164 :t. 352 1.7 9" ';lfj 1.5 
6 1,000-± 111 4,033 ~ 477 4.0 1,52S::: 105 3.127 :t.l.i69 2 I 
2,262:!:: I'~ 1,742 t 668 0.77 
7 605 .:t. 7!1 2,577 t 710 4.:1 K87 . 141 !JI!i .t:- 156 1, 1 
'l.71l·l • 91 ~.fi9:1 ,j: 648 O.!lli 
I! 838 ± i7 H,:!03 ... 1.:uu 9 .1! I 11:.! 456 r~.'ln :~:: 104 ll.4'l 
3,261 -:t 1,051! 2.M1 -t 1,29:? II ill 
9 ~±4 1,6';~; 236 ;;,2 661 :!:: 49 712 i: 162 1.1 
Ill 54-') .:. 4 ,,323 ::. 3,279 &I 84 :: 22!! li73 :t. I·; 0.66 
11 2.491 :1:: :111 11.1'>71 ~ 2,46-t 17 3,03.'1 ... 1374 1,307 ~ 90 0.43 
12 5.049:! !J()\1 2.1.3413 .i -1.7:lci 4.!.1 r,,:m2 ~ 178 [l,li:l9 t" ~.097 1,11 
'Menn 1 S .E.i ol dupl11:atc ur triplicatt• t·ultun~ 11 sayed on too lth- i'th day. 
1 Thc roncenrration of lcukuntt'li \\'aS con~t11nt 1<1r ncb upcrimt•nt I runge O.i>-1.0 , tO• per ml of l'ulturol. 
1 U:\CU .antl~en prepared trom erythrocytes; concrntration mrutant in each e:ar~erimt'nt lran,:e 5· 25 .11J: pt"r mil. 
'Tetanus to:aoid added tn r~JthcBte culturt'S of Jn!!l'll5ithe leukocytl!ll induced ·~il'dH tn<'orporation demonstrating 
that thc6t• culturh specilknllv 11uled to resfM'"d tn 1>:\CB-untigt•n: rungt' nt tetanu~ tnk<nd rel>ponr-t> l,S:Il Jlf:.!,:l.f8 
cpm; 11\ll'rRIII' H•lflnUS re8Jl<>lht• fi!l,:t?:.! cpm 
• Stimul,Hion ratio - leukncytt11 - DNCB.nrllilll'll (t·pml/h·uknt·ylt'l' (t·pml. 
re-ponden; I experiment II , ratio .43). The lnt·k of 
responS<' to D:'\CB-an1igen by these o:-.;cB-insen· 
sitiw.• lrukocytes wa" ~pt·t·ific hel'8ll!-e addition ol 
tetanUt; c uxoid to replicull• lt•ukocyte cultur<'!l In· 
duced gund responses wil h lin QVt'TUJ(l' of (i!J,()()() 
cpm fur tlw 2:2 blood druwing , The D~ClLtnti 
gens u cd in the:;e 12 experiment .. were art i\'C os 
evidenced by their .;imultnncous ability to timu· 
late lcukocvte cultur from ubject. ensitized 
to D:">:CH with stimul.llinn ratio,. rangin~: frnm 
4.0 1~1 ('!'able Vll, column ·11. 
Pla1mw .~u·itch. Lymphm·ytt>ll of a non!iCiltiilized 
subject fnih•d to respond tn DNCB-antigcn l'\'tm 
when wn ht'd and re.o;uspendt:>d in leukocyte cul-
tures containing 20 percent allogeneic plasma from 
a o;o.;CH-sen iti\'e subject while lymphocytes from 
the M"nsiuvc subject -rc!lponded hoth in his own nnd 
in plasma lrmn the non~t·nsitil.l'd llubjecl. ' l'lw lack 
of re~pomw of the inscn1'itive lymphocylt's was 
specific as evidenced by their good response to 
tetanus toxoid in replit•ate culture:; !Table \'1111. 
PrimtJr')' immune rt' pansc, The degree nf lym· 
phocyte trnn11formation to D~CB-antigen Jlr\'-
pared lrom erythroc)!Ces is shown in lt•ukO<)'h• 
cultures prepared from 5 \'oluntee~ befure, ond at 
weekly mter\'als after, n primary in \'i\'o challenge 
with ()~( 'B (Fig. 2). l..t·ulmt·ytes were obtninl'tl on 
day 0 and a sensitizinl( tlu!lt· uf DNrH wns then 
applil'CJ. Leukocytes wen• ngnin obtained on dnys 7. 
14. and 11 after thl' en. illzing applit•ution of 
o:-.;cH and allleukol'ytes \\Cre stored frozen. Sis IO 
8 weeks Inter. leukoC\'te cultures from these 5 
~ubjec:ta \\t're prepared with and without D~CB­
anligcn. 1>:--:A synthcsi 011 measured hy •HTdR 
incorpomtion, was lll<'OKUred 5 day!~ lntl'r. No 
si~nificanl 1H1'dR incorporution in re!lpon~e to 
0:\<'B-anligen was seen al time 0 or 7 days nftt•r a 
primary challenge with n:-.;cB in subjects B, C. D. 
and 1-: (Fig. 2). Only subject A ,;howed an in \·itro 
response to U~CB-antigcn at 7 days. All6 ubjects 
showed nn in ,;tro rl'SJKJnse to D~CB-antigen at 7 
dayK. All 5 11ubjects shuwl•d nn in vitro u•spnnsl' to 
DNC'H ·nntigen on dny H . Subjects () und E 
showed marked decreases in tbeir in \'itro r~·· 
sponses to near control level by day 21 . 
All 5 ubjccts showed in vivo cn"lti\' IIY to 
n:-.;cH ns e,·idencl'd hy o "Oare'' ol the 2001l·~o~tt 
sensitizin~ Kite. Subjloct A showed a sponlanrous 
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flare nl th(• ~(}{)()..l'g site on da\ i and suhjel'ts H, 
C, 0 , ond F. ~howed this llort· between day~> 9 and 
12. Subjt>cls A. B. C, ond E ulso " flared " ot thE> 
50-~tg patch test «ite between davs 10 and II 
TAliLE \'Ill 











0:\A •\ nlhr>i~ 1n cpm' ~timu· 
,_ - hulon ~uk(1(')1~1 ....... ukocyt'?' ' rotto' 0:'\CB-anu~n' 
681 :t: n!J 26.56S. 1,9.?'.! :1!1 
417 '*' HI 21.919,7:16 li:l 
692 i: ~2 l.ti 
in.,ensi · instmu· 1,';'42 i 210 l.i56 =. 357 1.0 
tin• the 
' Meun Lt S.K) ' HTciH anrurporation nl tr1plirntc 
culture~ 11~1111yed nn the It h dny 
• Conn•ntrntion ronstant 111 o .7 .,.. 10• per mlul cuhun·. 
• Prep11red trnm red hlnnd r~lls; cont"ent r11t ion 25 pg 
per ml n( rultuH•. 
· ~umul11t1on ratio - l!!ukmyh . ,. ~ 0!'\('B-until(l'n 
lrpml,ltuk~·ytc-. (rpm 
• TI!'tnnu" tnxoid added llltriplirote culture~ uf tlllll' ll~l 
ti\"e leuknn-tt·h lm the pre'l'll<'<' nl O~CB anttl(l'n) in 
duced 17,750 tc 1,151 c:pm dl'rnonstratin~ that thl'!lt 
cultures pc>t·ifirally faill'd tore pond to o:-;CB-antigen. 
=· -~ vf--,\ 
I .. 11 
C AY ';~ 
F1c; , :.!: Lymphocyu.• trlln~<lurmotion to 0:-.ICH. ~nti11en 
prepanod from erythrocytes durma pnmary en~lllllltiun 
toD~CH, 
CP~t t :t: S.f:.) of •HTdR incorporation mea url-d on 
the iith da' of culture in all uptriment.:.. Leullocytt• "b 
tained II. '· II. ond 21 day,. aftl'r pnma.ry ~t"n~llllOII•Jn. 
s torecl trOtcn. ond utilized 111 n 1:oncentration nf 1.0 10' 
per ml ul t•ulture. Solie! lh,e lllukocytes c-ultured with 
O!':CH rtntilll'n 111 2.') pg per ml of t·ulture. BrokPn lim• 
leukon tl'lo cultured alone 
Tetdnu toxoid added tn replicate cultu~ l•1r all 
.. point!!" !ndutt-d O~A -yntht i demonstrating that the 
failure of lf'ukocyte. at ;omeo "p.ain~" to undefiO l~m­
phocytC! transformaticon wa~ a 11pedfic inability tu re 
spond to r>~CB-antigo:n . 
!1,000 
•.S 0 :. 
OAlS 
14 
Fit •. 'l· Effect of in Vl\'n l'l'challenge with l>NCH nn 
lymphorytt' tron~formatinn tl• D'lCB-antigen ~1repared 
from erythnl(·yte" 
CPM ( , S.E.I of •HTdH mcurporation mcu~ur!'d on 
the 4th du\ uf culture for DNCH-antigen-stimulotcd ond 
control ruhuf('!; and on the :lrd dol\' for PHA ·timulatl'd 
culture,;. · 
Leuk~·vtes obta~ned on da\ 3. 0, 3, 5. 7, and I I alter 
rechallent(e with D~CB · :16 rlay ofler primory M'll lliza-
tion, ,tnl'!'d fro1en. and rultul't'd at a coorentration of 1.0 
' lO" J)l'r ml alone, with 0'\C'H-untigen, and With PHA 
in the pre~ence of DNCH ·81\lll(en. DNCB nnu~ecn pre-
pared frum erythrocytes a net ut ilited at 50 pf! per ml of 
culture 
wherea~ uhject D :-hO\\l'd no r~ponse nt the 50-
~tgsite (121. 
Anamnl'!ltiC response Herhnllenge ol unc -.ubJeCt 
with ON('B m vivo proclurcd an anamncKt it· hoost 
in lymphncyte transformut wn to DNCB antll(en m 
vitro IFi~:. ·u. In vitro studies of thi!-o !-.UbJC'rC!> 
primary H'll!llllzation -.ho\\.t:d h1gh detn"I!CS ul lym-
phocyte transformation to D~C'B-anu~ten on day:. 
1-t and ~I and a rapid dc<rla~e by .Jt day•, ' l'he 
subject did not receive any ndd1tional 0:\C'A until 
136 day~:~ aflt•r the prmHtry 'lcnsttizatwn at which 
time leukocytes were coiiN'lC'd and stored frozen 
before dunnj!, and alter rerhallenge wath ()\;('8 
··patch t~t " (25 11g, 1000 pgl 
A low deJtT~?t" of re .. ponsc to D~CB-anll~en we::. 
seen a day-. before, the da\ ul rechallen.:l· and 3 
and il days ofter rechallcnJll' . Although th<' IIUhJect 
showed bri1-1k vesicular pal ch test react wnK IH hr 
after in 'i\'u rechallenge, nu inc-reased rt'~pnn!<e to 
D;\;CH-antll(en wll!> detected until day t. 
Our result>. show that D'\CB coupled to autolo-
gous or ullu~teneic leukocytt•s or erythro<:ytc!l lnrms 
a part it'ulnte complex whirh is stable on llturnJle. It 
has a low degree of toxtctt\' and induu·-. lvmpho-
cyte tran.lormnuon ~penhcall~ in leukocyte cul-
ture:. !rum -.ubjectl> .. ttnsitiled to 0;\;GB. The 
spectltcity ol lymphurytc transformntwn to 
DNCH nntigcn is dependent on the cells: lympho-
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cytes ol nnn,t·n~itized ><Uhjt·t·t tailed to tt·,rmnct to 
DNCH-nnt1gen even m c•ulture11 containin~t plll!!lltn 
from Kt'n'litized subject": lit'll~<itive lymphorvlc!l 
respondt'd rcgnrdle~s ol the pin rna source. 
The dc\'eloJiment of technique lor freeze· loring 
human leukocytes has mode comparisons of o 
subjt>C"t ' hla t(lf(enic respon to nn antigl'n 1 j . 
ble at varyin~ timet- ciurmg ~ensiuzotion nnd 
challCIII(l' while avoidilll( Komc• uf the Ully•IU·dny 
variation WII hin the in \'II rn leukon h.• rulturt: 
sy:;;tem 19J. Our ,.jmplillcd modification allow 
freezing of leukocytes for at least one year and d 
not requir a gradient frcer.er, liquid nitrogen 
stora~:t·. or tht· u~ of EDTA tu pre\'ent dumping. 
Sequent tal 11tudies. utilizing frozen storl'd lt•uko· 
cytes collt•cted during u primary topirnl UNCH 
sensitlllllion. showed thnt lymphocytes rl'nctinj! to 
0:\CB-antigen were firsL detected i to 21 day_ 
after an 'ivo application of n sen;;iti7Jng d 
Interest ingh, a rapid decline of leukocyte t•ulture 
reacti\'ity tu D~CB-antigcn \\8;. noh.•d in luur 
subJects. Two I'Ubjects show('d I he declm£' ll!ll'ilrly 
as 21 dnys ufter a primllry challenge with DNC'B 
and two "ubject by at dO\ • The three additinn.tl 
subject v.·ho did not ho\\ this rapid decline Y.ere 
not tudicd beyond ~1 c'la.) • ' l'he! e imultaneou 
studies ollrozen-~torcd leukoc\"tl'!i obtained before 
and of IN '-t·n~llization pru,·ide -rnnvincint: t•viclr.nrc 
of thl' 8Jlt'rificity of in vitw rrnctlvity tu D~CB· 
antigl•n. St'quential studies nl nne subject whn had 
shown a marked decline h · 31 da)~ ..;bowed an in 
\itro boost upon rechallengc \\ilh 0:'\CH. Further-
morE'. a sen. itized patient Yiho had been reJK!atcdly 
challenged with 0:'\CH on on immunotherDJ))' 
protowl momtamed high dl·gre<'" of lymphocytl• 
transformation to DNCB-nntig<'n month" utter hill 
last 111 vavo challenl(e TheRe lindings suggCllt a 
rapid decline in sensitizrd peripheral lymphocytes 
following n primal') immunization. whirh t"JJn be 
boo:' ted and possibly mAintained by re,lCnted chill · 
lengt> 
Several dill('rent approncht!B adapting 111 vitru 
lympho<·ytu lran!\formntinn In the ~tudy nlnllt•rgic 
contact dt>rmutitis to U;.IIGH in guinea pigs ho\lt' 
been repurtcd 12, 13- 16). In most of these tudies 
animals were sensitized lly the injection of free 
D:\CB 12), 1rce O~FB 113), [)1\FB in 1-'rcund' 
adju"nnt 1141, or D:O.:FH conjugated to t>t>idNmal 
extract11 m Freund's odjuvunt IJ5, 16] . It is un-
known wlwther in vivn inJCI'tiun of hopton11 ur 
cOnJUI(nlr· evokes in vitro rt:!<ponses identical to 
responses e\oked by topical n itization. In vitro 
bla:.togenlc r pon,es in the alxNe 'tudu~ "crt-
induced by ttddin~: lrce u:-.:FB to peripheral leuko-
cyte culturC2i 121 or b~ addin.: D~FB cunJUI(ntcd 
with cpiclermnl extrnct!l to lymph nodt' rcll t•ul · 
tures 11·1 ~ 16]. Using 11irnilnr tN·hnique~o. l.t•wm• 
113) wa unl!ucc~srul rn inducm~o: ;ln rn \'Jiro 
bla..togcnic response by ddiuon of either lrce 
D~FR or D!':FB conjugated with guincn-pig fetal 
skin extract to peripheral leukocyte culture from 
guinea pig which had ht.'t"n t•nsitized hy either 
top1cal or injC'cted D~FB. Temporal rl'IAtiOnshtp" 
betwt•t•n primnry senKitizatiunur in vivo rhnllt•nge 
with D~Fn und the on N nmJ degree nl Jlf'ctltt• 10 
"·itro respon toD~FHor D!':FB conJugnt i not 
ment ioned in anv of thest animal :.tudtcs. \\'bile 
diffcrcnc in th~ir result may in part be due to 
diffcrenc in methods of en iti7.ation and 11110 itru 
ehl"ll nt inn, -nme of thfir 'Ill'\ rng result' toll\ be 
dut• lu tlw lime at whh·h prripherol hlnocl wus 
collected in n:lation to l'tlhN pnm~ '<'rNttz;llron 
or challenge with O~FB. 
In our human ~tudi , ubjccc- were t:nsitizcd 
topically rather than by inJ ction, and 111 \'itro 
blnstogl'ncsis wa, ehott•d in p<>ripheral hlcxwl leu-
kocyte rult urc>l preparcod I rnrn lllood clllll'clt·d ut 
varying time!' followinK primary sensitiwtinn. 
The."c hu\\cd a dram.ttir ri e and fall of pecili · 
cally induocd in \itro bl togcnC'-. is. A d crease in 
incidence nnd inten_ity of nsitization by inter-
mls as hort n." 3 wee bet ween inject ion of a 
primary cnsit izing dose nod patch tt!St l'hnllenge 
havt• ht•t•n reported in Rt udit•s of allergit· ('nnt nrt 
dermatitis in guinea Jlig. 117). The rapid dci'Tcll<~c 
in degree of in vitro blnstogene:,i__, cen in our 
subject followin~ a primacy immunization most 
likely docs not reflect uch rapid attcntuat ion of 
in vi\lt rn itl\'lt\', but mo\' reflect a redi trihution 
of r.ensitiz('(l c('ils hl·IY.lc"n thco periphernl hh"'d 
and otlwr tissues [l8 ). Sudt 11 redi!lt rihut ion of 
sensitized n·ll has been rcJ>nrted in in vivo t ud1e" 
of act·~Jeratcd -.kin homograft rejection 111 mice 
induced by passive transf~r of whol~ blood from 
:;.ensitizcd donor-,; (19). Altemnthely, some of the 
circulatmg cell invohoo in the in ,·itro blnst~cnic 
respon t• mny he short li\'ed nne! in part nn·uunt fur 
the rapid clccreuse (20). 
Studies in animals hn\c hown thnt when n 
!'implt> chemkal such n_ !>NCB r.s coupled to a 
protein c11mer nnd the complex injected mto the 
animal, the cell-mediated immunit\' \\hich de-
\'elop , 11 mea.,ured by tntmdl'rmal· kin tc ting, 
rs spccil ic fort he protein l'ftrricr of the rornplt•x 121 . 
221 Such "l·urrier specilirity'' i~ well estnhli!!hed in 
cell-medintt•d immunity imlun•cl b} inJected wm · 
plexes. Studie of allergic contact dermatiti in 
guinea pt ha\"e hown that immunologically 
competent lymphocytes nppcnr to encounter im· 
munogcnit• D!'\CB dircc·tly in tht> skin or it mi· 
crocirrulntiun 12:3], a l'!llll'l'll' known as pt'riphcrul 
senNil iuat iun [24 ). Tht• !'llrnhination nf unitnnl 
studie; huwing carrier tlJit'rificity and pr.riphcral 
sensitiwtion to O~CB h led to the hy(lothesis 
that allergic contact dermatitis to o~cn repre-
sents c 11-mediated immumtv to D~CB coupled 
to an autoC"hthonoU:> 'k'n protein carrier. While 
thi~ hyputlw~i!-1 may ht- rlltrl'l'l, it 11hould lw nnt('d 
that tht>rl.! i11 nu direct l'Viderwe that likin protein~ 
per "l' provide the autochthonous "carrier" pro. 
teins in allergic contact dermntitb.. Gcczy and 
Baumgarten 12] &.rJruOO on the ba-is of their 
· :tudies in !,'\linea pigs thnt I)Nfo14 induced lympho-
C}1e trlln lurmotion by dirc.>t~t ronjugation tn en j. 
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tized lymphocytes. On the basis of our studies it 
would appear that conjugation of DNFB to autolo-
gous lymphocytes or erythrocytes may have pro-
vided a complexed antigenic sti mulus to other 
sensitized lymphocytes in the culture. Alterna-
tively. it could be argued that our DNCB-antigen 
complex might be capable of releasing free DNCB 
under culture condi tions. Since lymphocyte trans-
formation might represent an in vitro response to 
a DNCB-complex different than a possible in vivo 
complex respons ible for allergic contact derma-
titis, neither the guinea-pig studies nor our studies 
in man disprove the hypothetical role of autoch-
thonous skin "carrier" proteins in the pathogenesis 
of allergic contact dermatitis. 
While the exact relationship of in vivo contact 
allergy to the in vitro blastogenic response to 
ONCE-antigens prepared from leukocytes or 
erythrocytes still remains to be elucidated. the m 
vitro system does provide a specific immune re-
sponse in subjects undergoing contact sensitization 
to DNCB. Coupled with the use of frozen-stored 
leukocytes, the in vitro system has allowed lon-
gitudinal studies of primary and anamnestic im-
mune responses to a contact allergen without 
altering host reactivity by recurrent challenge. 
Specific in vitro lymphocyte transformation to 
DNCB-antigen may expand the usefulness of 
DNC'B for studies of tolerance m man [25] and 
guinea pigs [23] and may offer a controlled, sys-
tematic, combined in vivo- in vitro approach for 
elucidating many of the mediators of cellular 
immunity. 
The authon. thank Mr. John .J. Whalen for technical 
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